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INTRODUCTION
Mineral compounds, particularly those containing trace and major elements, are among the basic essential nutrients in food. Metallic elements such as Ca, Fe, K, Mg, Mn, Na, Zn, and Cu are unreplaceable for human health and their presence in daily diet is required at certain levels (Zariòð un Neimane, 2009; Kabata-Pendias, 2011) . However, concentration of elements in food may vary due to several factors such as food commodity type, processing, and environmental conditions in crop and animal growing (Ekholm et al., 2007; Kabata-Pendias, 2011; Vincevica-Gaile, 2014) . Regarding food crops, content of mineral compounds can be affected by applied agricultural practice, site specific conditions like soil mineral and water composition, weather conditions during the vegetation period, plant cultivar and species of plant, maturity of crops at harvesting and other site specific factors (Ekholm et al., 2007; Vincevica-Gaile, 2014) . In the course of time, society has become accustomed to the fact that the conventional food market consists of various products derived from all over the world, and many consumers in everyday life do not pay great attention to the geographical origin or other specific impacts that can influence the chemical composition and quality of consumable food products (Säumel et al., 2012; Warming et al., 2015) .
Nowadays, in Europe and worldwide, urban or periurban allotment gardening has become more and more popular in society for recreation, as well as for domestic gardening and horticulture. For example, in big cities like Rio de Janeiro, New York, Berlin, and Copenhagen, space is allotted to citizens for creation of gardens for food crop cultivation for the needs of the community or individual family (Säumel et al., 2012; Reis et al., 2013; Rego, 2014; Chan et al., 2015; Warming et al., 2015) .
Historical papers reveal that allotment gardening in Rîga started in the beginning of the 20 th century. In 1907, during the time when the territory of Latvia within the Russian Empire, creation of domestic gardens in urban areas was a novel concept, grounded on the idea that society needs an alternative for more useful spending time apart from vices like 'thinking socialistic' and excessive alcohol consumption (Lîventâls un Sadovskis, 1932) . After the First World War, unemployment, disrupted industry, poor traffic possibilities between the cities and rural districts, as well as a shortage of primary resources, inflation and hunger were the reasons to develop new ways of food gathering and time spending. Thus, the idea of allotment gardening was highly appreciated by the society. To meet the demands of the citizens of Rîga, many free territories, those which were destroyed during the war, were split into smaller plots and granted on lease by the city council. At that time, urban allotment gardening promoted decrease of food prices (Lîventâls un Sadovskis, 1932) . The popularity of urban allotment gardening in Rîga increased and decreased over time, and recently there has been a substantial reduction of total allotment area in the city, i.e., from 1600 ha in 1995 to 329 ha in 2011 (Duboks, 2012) . However, urban allotment gardening in Rîga is still an essential tradition of the city. Currently, allotment gardens are located in several large territories in Rîga: Bolderâja (Daugavgrîva), Dârziòi, Rumbula, and Lucavsala. Unfortunately, several of these areas are located on degraded land or in the vicinity of industrial areas and roads with heavy traffic, which may affect cultivated crop quality.
Quality of the urban environment is a problem that has been highlighted but often not taken into account (Säumel et al., 2012; Izquierdo et al., 2015) . Increasing urbanisation has often constrained the formation of allotment (community or family) gardens or domestic farms at sites that have been polluted by industry in the past or that are under the influence of daily urban pollution, such as construction dust, industrial or traffic exhaust (Alexander et al., 2006; Wunderlich et al., 2011) . However, in some cities it is common practice that allotment gardens are frequently created in areas near intensive traffic lines such as railways and highways, where soil and water quality is not appropriate for safe crop cultivation (Guitart et al., 2012) . Air pollution may affect over-ground parts of plants by dust deposition, while soil and water quality may affect plants as a whole. Possible health hazards caused by consumption of contaminated food crops cultivated in industrial agriculture areas and available at the market have been recognised. However, vegetables and fruits grown in urban conditions mostly are consumed in the long-term by small groups of people (families or local communities) and, therefore, potential health impacts still are considered as less important. Anthropogenic activities can lead to an increased risk of allotment garden contamination, mainly by potentially toxic metals and metalloids such as As, Cd, Cr, Cu, Hg, Ni, Pb, Zn, etc., as well as by organic chemicals. Subsequent contamination in the food chain may affect animals or humans consuming vegetables and fruits that are grown in allotment gardens located in appropriate territories (Samsoe-Petersen et al., 2002; Goldhaber, 2003; Eggen et al., 2011; Wunderlich et al., 2011) .
The aim of this study was to perform quantitative analysis of samples of various berries grown in allotment gardens of Rîga city, the capital of Latvia. It should be noted that the available data on quality of food derived from allotment gardens in Rîga or other cities of Latvia are very limited (Vincevica-Gaile et al., 2011; Vincevica-Gaile, 2014) . Thus, the current research is valuable in the fields of environmental and food sciences.
MATERIALS AND METHODS
Samples of berries from red currant Ribes rubrum (n = 15), black currant Ribes nigrum (n = 10), gooseberry Ribes uva-crispa (n = 8), cherry Prunus sp. (n = 8), strawberry Fragaria x ananassa (n = 19), and raspberry Rubus idaeus (n = 11) plants grown in allotment gardens of Rîga were collected during the vegetation season in 2015. Samples were directly obtained at the allotment gardens located in different places of Rîga ( Fig. 1 ) within the limits of garden plots. However, the samples investigated in this study were not divided by allotment plot, but the territory of the gardens, to assess effect of the environmental conditions in the general neighbourhood. Samples consisted of about 150-200 g of every type of berry within a plot, and then mixed samples were made for the territory of the gardens. Only edible parts of berries were prepared for analysis. After collection, berries were cleaned and crushed using a porcelain knife (Kyocera) to avoid contamination with metals.
Crushed samples were dried in a drying oven (Plus II Oven, Labassco) at temperature 80-105°C for 20 hours and at temperature 105°C for an additional 5-6 hours, if needed, depending on the consistency and moisture of the sample type. After drying, samples were homogenised in a porcelain mortar until consistence of powder was reached. Samples were stored in closed disposable plastic bags in a dry and dark place until analysis. Sample preparation and analytical procedures were conducted as described elsewhere (Samsoe-Petersen et al., 2002; Aras and Ataman, 2006; Ekholm et al., 2007; Vincevica-Gaile, 2014 ).
Carbohydrates, proteins and fats are the main matrix components of food samples that can influence quantitative trace element detection. Sample preparation (pre-treatment) can be carried out by several methods, such as dry ashing, wet ashing, and wet digestion with heat, microwave or ultrasound treatment (Alvarez et al., 2003; Soceanu et al., 2007) . The chosen sample preparation method of wet digestion of organic matter has been widely applied for samples of biological origin, including food (Ekholm et al., 2007; Soceanu et al., 2007) . Preparation of samples was done as follows: a) 0.5000 ± 0.0050 g of a dry sample were weighed on an analytical balance (ALJ 220-4, Kern) in a 100 mL glass beaker; b) 15 mL of concentrated HNO 3 (65% w/v, analytical grade, Scharlau) and 5 mL of concentrated H 2 O 2 (30% w/v, analytical grade, Scharlau) were added; c) after holding overnight, sample solutions were digested by heating at temperature 160°C on a heating block (Thermoblock, Biosan); d) after complete digestion and cooling, sample solutions were filled up to 15 mL with ultrapure deionised water (< 0.1 mS/cm, 18 MW/cm, Elix-3, Millipore) in polypropylene tubes; e) prior the analytical procedure, sample solutions were filtrated using disposable single use micropore syringe filters (0.45 mm, SRC filter, ChmLab Group). All samples were prepared in triplicate. Accuracy of the applied method was approved by analysis of certified reference material, NCS ZC73017 Apple powder (Promochem), as well as blank samples in each batch of samples were prepared and analysed in the same manner as the investigated samples. Obtained results of reference material analysis showed precision within the permissible limits for selected elements (Table 1) .
Sample solutions were analysed by atomic absorption spectroscopy method using a spectrometer AANALYST 200 (Perkin Elmer) to quantify concentration of seven elements (Cd, Cr, Cu, Fe, Ni, Pb, and Zn) . Characteristic parameters of quantitative performance of measurements using AAS are shown in Table 1 . Absorption was measured in an air-acetylene flame and graphite furnace AAS. All obtained results of element concentration were expressed in mg/kg DW (dry weight). Statistical analysis of data was performed using extended MS Excel data analysis tool QI Macros expressing results by box-whisker plots which show maximum, minimum and median values of certain data sets, as well as a range between 25 th and 75 th percentiles. Outlying values were identified and excluded if they were outside of selected range of percentiles. However, outlier values were taken into account in assessment of detected element concentration compliance with maximum permitted levels set by legislation.
RESULTS
Average concentrations of potentially toxic elements in samples of berries followed the following order: Fe > Zn > Cu > Ni > Pb > Cr > Cd. Figure 2 shows concentration ranges of Fe, Zn and Cu in the analysed samples of berries. The highest median content of Fe was detected for strawberry (39.0 mg/kg), while for other berries the concentration was quite similar (19.8-30.7 mg/kg). Concentration of Zn was quite variable; the lowest values were observed for cherry (median 2.7 mg/kg) and the highest for raspberry (median 19.7 mg/kg). Concentration of Cu was the lowest (median 1.4 mg/kg) also in cherry following by gooseberry (median 2.07 mg/kg), while for the remaining samples the median varied from 2.8-4.1 mg/kg.
Concentration of trace potentially toxic elements such as Ni, Pb, Cr and Cd varied more widely (Fig. 3) . For Ni the highest median was detected in samples of strawberry (0.65 mg/kg), but the widest range was observed for black currant (0.17-1.24 mg/kg) and gooseberry (0.18-0.99 mg/kg). Taking into account average values of all analysed samples, the elements of the major concern in berries regarding high concentrations were as follows: Ni 0.54 mg/kg, Pb 0.20 mg/kg, Cr 0.10 mg/kg, and Cd 0.03 mg/kg. However, concentration of these elements differed among the berries. *GFAAS, graphite furnace atomic absorption spectroscopy; **FAA, flame atomic absorption spectroscopy cept gooseberry were quite similar (on average 0.09 mg/kg). Concentration of Cr was the lowest in samples of gooseberry (median 0.03 mg/kg). After excluding outliers, concentration of Cd in samples of black currant and cherry was below the detection limit (0.004 mg/kg), but in the remaining samples median concentration of Cd was from 0.02 mg/kg in raspberry to 0.03 mg/kg in red currant, gooseberry and strawberry. The highest values of Cd were observed for samples of strawberry (0.12 mg/kg), as well as for raspberry and red currant (0.07 mg/kg).
DISCUSSION
Element concentration of berries can reveal their nutritional value, as well as possible contamination in case of potentially toxic concentrations of elements. Thus, these values can be used for nutrient intake calculation and consumer risk assessment (Izquierdo et al., 2015; Warming et al., 2015) . However, information on element content in berries grown for self-consumption is not widely represented in available scientific literature, and is especially poor is information for the Baltic States. More data can be found on research of element composition of vegetables than berries (e.g., Samsoe-Petersen et al., 2002; Säumel et al., 2012; Warming et al., 2015) . A well organised food and nutrient data base has been established by the United States Department of Agriculture Agricultural Research Service ; it provides information on selected mineral nutrients (Ca, Fe, Mg, K, Na, Zn, Cu, Mn, Se) in various foods, including raw or processed berries. Information on concentration of Fe, Zn and Cu in berries according to the USDA NND ) is recalculated to mg/kg DW and summarised in Other studies have shown comparable values of element concentrations in berries, have indicating the range of influencing factors that can affect element concentration in samples. For example, a study done by S. Cosmulescu and colleagues (2015) compared element concentration among various cultivars of red currants and black currants. In that study, levels of Fe ranged from 10.9-24.7 mg/kg WW (wet weight) and Cu 0.9-1.7 mg/kg WW in black currants. These values recalculated to dry weight are close to the determined element concentrations in the current study. Thus, berries from allotment gardens in Rîga do not have extreme levels of the studied metallic elements, despite the fact the gardens were located in possibly contaminated areas.
The list of top ten chemicals of major public concern, announced by the World Health Organisation (WHO), includes also several metallic elements Cd, Hg, Pb and a metalloid As, which are toxic already at low concentrations (Anonymous, 2010) . Moreover, Pb can be accumulated in tissues of a living organisms (plants, animals and humans) and leading to wide and long-term contamination in the food chain (Goldhaber, 2003; Kabata-Pendias, 2011) . Therefore, legislative limits for the elements of concern must be implemented at the national level. Within the European legislation, the maximum permitted levels in fruits and berries have been set only for some metallic element; the maximum permitted Pb concentration in berries and small fruits is 0.20 mg/kg WW and the maximum permitted Cd concentration in fruits and vegetables is 0.05 mg/kg WW (Anonymous, 2006) . Recalculation of data in the current study to wet weight showed that the maximum permitted level of Pb was not exceeded for all samples, even taking into account the detected maximum upper levels of concentration. However, some outlier values showed that in some specific cases contamination risk is present. Recalculation of Cd concentration from dry weight to wet weight suggested that concern can be given to strawberries, i.e., in some cases the maximum permitted level of Cd can be exceeded, thus warranting alert for consumer safety.
Presence of potentially toxic trace elements in berries indicated influence of environmental pollution taken up by the crops from air, soil and water. Air pollution may affect above-ground parts of plants by dust deposition, while soil and water quality may affect plants as a whole. However, this should be confirmed by wider and detailed study consisting of a greater number of analysed samples.
CONCLUSIONS
Quantitative analysis of potentially toxic elements in berries grown in allotment gardens of Rîga city showed differences of element concentration variation among the fruit species. Concentration of several metallic elements can indicate the nutritional value of berries. The range of trace elements, especially, if they are potential environmental pollutants, can provide information on the impact of environmental conditions on chemical composition of food crops. The results of the study showed that berries grown in the allotment gardens of Rîga contained potential environmental pollutants, among which Pb and Cd are elements of the major concern, especially taking into account the fact that concentration of these elements in some samples exceeded maximum permitted concentration levels in berries set by EU legislation. Such studies are important for understanding the impact of the surrounding environment on food composition regionally, which is important knowledge for local inhabitants, as for overall assessment of food safety. 
